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Hydraulic system for mining equipment and method of adjusting 
power of rock drill machine 

FIELD OF THE INVENTION 

[0001] The invention relates to a hydraulic system for mining 
equipment comprising: at least one hydraulic circuit with pressure fluid chan- 
nels and at least one hydraulic pump, the hydraulic pump being arranged to 
generate hydraulic power in the hydraulic circuit; at least one power unit for 
driving the hydraulic pump; at least one hydraulic mining actuator connected to 
the hydraulic circuit and configured to act on a tool in the mining equipment; at 
least one hydraulic auxiliary actuator connected to the hydraulic circuit; and 
means for adjusting the hydraulic power to be led to the mining actuator and 
the auxiliary actuator connected to the hydraulic circuit. 

[0002] The invention further relates to a method of adjusting the 
power of a rock drill machine, the rock drill machine comprising at least the 
following drilling actuators: a percussion device, a rotation device and a feed 
device, of which at least one is connected to a hydraulic circuit, the method 
comprising: generating hydraulic power in said hydraulic circuit with at least 
one hydraulic pump; driving the drilling actuator connected to the hydraulic cir- 
cuit by the hydraulic power acting in the hydraulic circuit; adjusting the power 
of the drilling actuator connected to the hydraulic circuit by adjusting the hy- 
draulic power to be fed to the drilling actuator. 

BACKGROUND OF THE INVENTION 

[0003] Modem rock drilling rigs comprise one or more hydraulic 
pumps, the pressure fluid flow obtained from which is guided by means of suit- 
able valves along pressure fluid channels to hydraulic actuators, such as the 
percussion device, the rotation device and the feed device of the rock drill ma- 
chine, comprised by the rock drilling rig, and further to the cylinders that move 
the booms and to the turning device of the carrier. The hydraulic pressure and 
hydraulic flow obtained from the hydraulic pump are adjusted with adjusting 
members arranged in the pressure fluid channels of the actuators, such as with 
pressure regulators and restrictors in a manner enabling the feed of necessary 
hydraulic power to each actuator. Unfortunately, such adjusting members 
cause significant power losses in a hydraulic system. A further drawback in 
present systems is that when an actuator receiving a large oil flow is used, e.g. 
a boom cylinder, it may affect the pressure and flow of the entire hydraulic sys- 
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tern and thus interfere with the operation of other actuators connected to the 
hydraulic system. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] The object of the present invention is to provide a new and 
improved hydraulic system for different mining equipments. 

[0005] The hydraulic system of the invention is characterized in that 
the hydraulic system comprises a main hydraulic circuit and at least one sepa- 
rate hydraulic circuit, and that the main hydraulic circuit and each separate hy- 
draulic circuit are separate from each other, each having a separate hydraulic 
pump for generating hydraulic power; that at least one mining actuator is con- 
nected to the separate hydraulic circuit, and that said mining actuator is con- 
figured to be driven by the hydraulic power acting in the separate hydraulic 
circuit; and that the power of the mining actuator connected to the separate 
hydraulic circuit is arranged to be adjusted by adjusting the hydraulic power 
generated by the hydraulic pump comprised by the separate hydraulic circuit. 

[0006] The method of the invention is characterized by adjusting the 
power of the drilling actuator connected to the hydraulic circuit mainly by ad- 
justing the pumping output of the hydraulic pump. 

[0007] The essential idea of the invention is that the hydraulic sys- 
tem of mining equipment comprises one or more mining actuators configured 
to act via a tool on the object being processed. Depending on the application, 
the mining actuators may thus include a percussion device, a rotation device 
and a feed device. 

[0008] Furthermore, the hydraulic system of the invention comprises 
at least one hydraulic mining actuator connected to a dedicated separate hy- 
draulic circuit for which hydraulic power is generated with a dedicated hydraulic 
pump. The hydraulic pump of the separate hydraulic circuit is not in connection 
with the other hydraulic circuits of the system. The power of the mining actua- 
tor connected to the separate hydraulic circuit is adjusted by acting on the hy- 
draulic power generated by the hydraulic pump. 

[0009] An advantage of the invention is that no external hydraulic 
components other than a hydraulic pump are required in the pressure fluid 
channels of the separate hydraulic circuit for adjusting the flow and the pres- 
sure, whereby power losses caused by such components, such as pilot valves, 
restrictors or the like, are avoided. However, if need be, control valves can be 
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used in the separate hydraulic circuit for switching on and off the hydraulic 
power and for selecting the direction of movement of the mining actuator. 
Since valves employed in controlling the pressure fluid flows are not used for 
power control, the control valves can be simple ON/OFF type of valves. Such 
simple control valves can be arranged in the vicinity of the actuator to be con- 
trolled. In addition, the size of the flow openings of the control valves is rela- 
tively easy to dimension large enough for the control valves not to cause sig- 
nificant power losses in the separate hydraulic circuit. A further advantage of 
the invention is that the use of hydraulic actuators external to the separate hy- 
draulic circuit does in no way affect the operation of the mining actuator con- 
nected to the separate hydraulic circuit. Another advantage is that the magni- 
tude of the pressure fluid flow fed to the mining actuator connected to the 
separate hydraulic circuit is always known to the control unit, which facilitates 
the control of the mining actuator. 

[0010] The essential idea of an embodiment of the invention is that 
the separate hydraulic circuit comprises a dedicated pressure fluid tank, and 
that the separate hydraulic circuit uses pressure fluid that is separate from the 
other hydraulic circuits of the hydraulic system. This being so, the pressure 
fluid employed in the separate hydraulic circuit can be selected advanta- 
geously in view of the performance and usability of the mining actuator con- 
nected to the separate hydraulic circuit. The chemical texture, viscosity, addi- 
tives and other properties of the pressure fluid can be selected irrespective of 
the requirements set by the other actuators comprised by the hydraulic system. 

[0011] The essential idea of an embodiment of the invention is that 
each mining actuator comprised by the hydraulic system is arranged in a dedi- 
cated separate hydraulic circuit. In this case, the performance of all functions 
directly related with mining is controlled by means of hydraulic pumps. 

[0012] The essential idea of an embodiment of the invention is that 
the hydraulic power fed to the separate hydraulic circuit is acted on by adjust- 
ing the displacement capacity of the hydraulic pump comprised by the sepa- 
rate hydraulic circuit. 

[0013] The essential idea of an embodiment of the invention is that 
the hydraulic power fed to the separate hydraulic circuit is acted on by adjust- 
ing the speed of rotation of the hydraulic pump comprised by the separate hy- 
draulic circuit 

[0014] The essential idea of an embodiment of the Invention Is that 
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the hydraulic power fed to the separate hydraulic circuit is acted on by adjust- 
ing the speed of rotation and the displacement capacity of the hydraulic pump 
comprised by the separate hydraulic circuit 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] The invention will be described in detail in the accompanying 
drawings, in which 

Figure 1 is a schematic side view of mining equipment provided with 
a rock drill machine, 

Figure 2 is a schematic side view of a rock drill machine connected 
to a hydraulic system according to the invention, 

Figure 3 schematically shows a hydraulic system according to the 

invention. 

Figure 4 schematically shows a second hydraulic system according 
to the invention, 

Figure 5 schematically shows a third hydraulic system according to 
the invention, and 

Figure 6 is a schematic side view of mining equipment provided with 
a hydraulic hammer. 

[0014] For the sake of clarity, the figures show the invention in a 
simplified manner. In the figures, like parts are designated by like reference 
numerals. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Figure 1 shows mining equipment according to the invention. 
In the present application, mining equipment refers to a device that drills or 
breaks material from the earth crust or a part thereof. In Figure 1 , a rock drilling 
rig 1 is Involved. The rock drilling rig 1 comprises a movable carrier 2 onto 
which is arranged at least one movable working boom 3. The free end of the 
working boom 3 is provided with a feed beam 4, along which a rock drill ma- 
chine 5 is movable. On the other hand, the feed beam 4 can be arranged di- 
rectly on the canrier. Furthemiore, on the carrier 2 is arranged a power unit 6, 
which may be a combustion engine or an electric motor. The power unit 6 is 
arranged to use hydraulic pumps 7 to 10, which are used to generate the nec- 
essary pressure fluid flows for driving the hydraulic actuators comprised by the 
rock drilling rig 1. The hydraulic pumps 7 to 10 are controlled by means of a 
control unit 1 1 , which is preferably located in a control cabin 12 of the rock drill- 
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ing rig 1. The hydraulic actuators include e.g. a percussion device 13, a rota- 
tion device 14 and a feed device 15 of the rock drill machine 5, and further cyl- 
inders 16 and 17 for moving the boom 3, and a turning device 18 for turning 
the carrier 2. Furthermore, the motors of a flushing pump 19 and a dust collect- 
ing system 20 can be hydraulic. In some cases, the carrier 2 can also be 
driven hydraulically, for instance by means of hydraulic hub motors. 

[0016] Figure 2 shows a rock drill machine 5 that is intended for 
percussion drilling and comprises a hydraulic percussion device 13 for apply- 
ing impacts to a tool 21 connected to the rock drill machine 5 and, further, a 
hydraulic rotation device 14 for turning the tool 21 around its axis. Pressure 
fluid flow is applied to the percussion device 13 along a channel 22 and led 
away along a channel 23. Similariy, the rotation device 14 is connected to 
pressure fluid channels 24 and 25. Furthermore, the feed device 15 is in con- 
nection with pressure fluid channels 26 and 27. The feed device 15 may be a 
cylinder as shown in Figure 2 or, alternatively, it can be a hydraulic motor. One 
or more sensors 37, 39 can be arranged in connection with the rock drill ma- 
chine 5 for monitoring the operation of the drill machine 5, such as stresses 
present in the tool 21 and the pressure of the pressure fluid channels. The re- 
sults of the monitoring are transmitted from the sensors to the control unit 1 1 of 
the rock drilling rig 1. 

[0017] Figure 3 shows a hydraulic system 28 for a percussive rock 
drilling rig 1 comprising a main hydraulic circuit 29 and three separate hydrau- 
lic circuits 30, 31, 32, one for each mining actuator 13, 14, 15. The main hy- 
draulic circuit 29 is arranged to drive the auxiliary actuators, for instance the 
cylinders 16 and 17 of the boom 3, the actuators used for moving the carrier 2, 
the flushing pump 19, and the motors of the dust collecting system 20. The first 
separate hydraulic circuit 30 is arranged to drive the percussion device 13, the 
second separate hydraulic circuit 31 is arranged to drive the actuator 15 and, 
further, the third separate hydraulic circuit 32 is arranged to drive the rotation 
device 14. 

[0018] Pressure fluid flow and pressure are generated in the first 
separate hydraulic circuit 30 by means of at least one first hydraulic pump 7. 
Means for controlling the operation cycle of the percussion device 1 3 are usu- 
ally integrated therein. A back and forth movable percussion piston, for exam- 
ple, can be controlled by means of a control spool arranged around the per- 
cussion piston. Consequently, the pressure fluid can be led directly from the 
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pump 7 to the input port of the percussion device 13 and, con-espondingly, 
from the discharge port of the percussion device 13 directly into a discharge 
channel 34 and further into a tank 35. The power of the percussion device 13 
is adjusted by adjusting the volume flow of the first hydraulic pump 7. When 
the percussion device 13 is not needed, for example during transfers, the vol- 
ume flow generated by the hydraulic pump 7 is adjusted to minimum. In con- 
nection with the hydraulic pump 7 is an adjusting unit 36 for adjusting the dis- 
placement capacity of the pump 7. The control unit 1 1 controls the adjusting 
unit 36. 

[0019] Hydraulic power is generated into the second separate hy- 
draulic circuit 31 at least by means of the second hydraulic pump 8. In the 
pressure fluid channels leading to the feed device 1 5 is arranged a first control 
valve 38, which is controlled by the control unit 1 1, In the middle position of the 
control valve 38 shown in Figure 3, the feed device 15 is stopped. By shifting 
the control valve 38 into its leftmost position, the feed device 15 is made to 
move in a first travel direction, and, correspondingly, the rightmost position 
causes the actuator to move in a second travel direction. Consequently, the 
control valve 38 only controls pressure fluid flows, but does not adjust pressure 
or flow. The speed of movement and feed force of the feed device 15 are ad- 
justed by adjusting the pressure fluid flow generated by the second hydraulic 
pump 8. The displacement capacity of the second hydraulic pump 8 is adjusted 
by means of the adjusting unit 36, which, in turn, is controlled by the control 
unit 11. 

[0020] Hydraulic power is generated into the third separate hydrau- 
lic circuit 32 at least by means of the third hydraulic pump 9. In the pressure 
fluid channels leading to the rotation device 14 is arranged a second control 
valve 40, which is controlled by the control unit 11. The speed of rotation and 
the rotational torque are adjusted by adjusting the displacement capacity of the 
third hydraulic pump 9 by means of the adjusting unit 36. The adjusting unit 36 
is controlled by the control unit 11. 

[0021] In the solution of Figure 3, the discharging pressure fluid is 
led from the separate hydraulic circuits 30, 31 and 32 into the common dis- 
charge channel 34 and further to the common tank 35. When a common dis- 
charge channel 34 is used, the number of pressure fluid channels in the mining 
equipment can be reduced. In addition, the use of one wide discharge channel 
34 reduces flow resistances and thus improves the performance of the hydrau- 
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lie system 28. 

[0022] The main hydraulic circuit 29 is provided with at least one 
main hydraulic pump 10, the pressure fluid flow and pressure generated by 
which are led along a channel 42 to a manifold or a corresponding adjusting 
and control member 43, which in turn distributes the pressure fluid to the auxil- 
iary actuators 16 and 19 arranged in the main hydraulic circuit 29. The power 
of the auxiliary actuators 16, 19 is adjusted by using the adjusting and control 
member 43 to adjust the pressure and flow of the pressure fluid fed to said ac- 
tuator. The adjusting and control member 43 is controlled by means of the con- 
trol unit 11. Alternatively, the hydraulic components acting on the control of 
pressure fluid and the adjustment of power can be arranged in a decentralized 
manner in the pressure fluid channel of each actuator. In the solution of Figure 
3, the displacement capacity of the main hydraulic pump 10 can be adjusted by 
means of the adjusting unit 36. 

[0023] In the hydraulic system 28 according to Figure 3, all hydrau- 
lic pumps 7, 8, 9 and 10 are arranged to be driven by one common power unit 
6. Such an arrangement is possible when hydraulic pumps having an adjust- 
able displacement capacity are used. 

[0024] Let it be pointed out that the control unit 1 1 comprises at 
least one computer, programmable logics or another control device suitable for 
the purpose. An adjustment strategy may be stored in the memory of the con- 
trol unit 1 1 , whereby the processor of the control unit 1 1 generates the neces- 
sary control signals based on the adjustment strategy and the monitoring re- 
sults. The information on the volume flow obtained from the pumps 7 to 10 and 
the information on the pressure obtained from the sensors 39 can be utilized in 
the power control of the actuators. 

[0025] Figure 4 shows another hydraulic system 28 according to the 
invention. This solution differs from that of Figure 3 firstly in that it comprises 
no percussion device 13. Such a hydraulic system 28 is usable in what are 
known as rotary devices, wherein the rotation device 14 of the rock drill ma- 
chine is used to rotate the tool around its axis, the tool being simultaneously 
pressed strongly against the rock with the feed device 15. On the other hand, 
the solution of Figure 4 is also applicable when the percussion device is elec- 
trically driven. In Figure 4, the hydraulic pumps 8 and 9 of the second separate 
hydraulic circuit 31 and the third separate hydraulic circuit 32 are driven by one 
common power unit 6a, the main hydraulic pump 10 being driven with a dedi- 
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cated power unit 6b. Furthermore, the separate hydraulic circuits 31 and 32 
have a dedicated tank 35a and, correspondingly, the nnain hydraulic circuit has 
a dedicated tank 35b. Another difference is the structure and coupling of the 
valve 40. Shifting the second control valve 40 to its rightmost position in Figure 
4, allows the hydraulic power of the third hydraulic pump 9 to be fed along a 
channel 44 to the second separate hydraulic circuit 31. This results in a larger 
pressure fluid flow and a more efficient rapid feed of the feed device 15. 

[0026] In the hydraulic system 28 shown in Figure 5, driving power 
is applied to the hydraulic pumps 7, 8, 9 of each separate hydraulic circuit 30, 
31 , 32 separately from the power units 6a, 6c and 6d. In this case, the hydrau- 
lic power generated by the hydraulic pumps 7, 8 and 9 is adjusted by adjusting 
their speed. Accordingly, the hydraulic pumps 7, 8 and 9 may be constant vol- 
ume pumps, which have a simpler structure and lower price compared with 
adjustable pumps. The speed of rotation of the pumps 7, 8 and 9 can be ad- 
justed for instance by means of a gear system. Particularly in an electrically 
driven device, the natural power unit is an electric motor whose speed of rota- 
tion can be adjusted for instance by means of a frequency converter. A further 
advantage of this solution is that the entity formed by a hydraulic pump and a 
power unit is easy to place onto the carrier 2, enabling freer layout of the car- 
rier 2 than previously. In addition, the hydraulic pumps can be placed as close 
to the actuator to be driven as possible, resulting in optimally small losses 
caused by the pressure channels. 

[0027] In Figure 5, each separate hydraulic circuit 30, 31, 32 has 
also a dedicated tank 33a, 33b, 33c and, further, the main hydraulic circuit 29 
has a dedicated tank 33d. In this case, for instance a pressure fluid having a 
higher viscosity can be used in the separate hydraulic circuits 30, 31 , 32, and a 
pressure fluid having a low viscosity in the main hydraulic circuit 29. 

[0028] Figure 6 shows mining equipment provided with a hydraulic 
percussion hammer 45. The percussion device 13 comprised by the percus- 
sion hammer 45 is used to apply impact pulses to the tool 21 , which transfers 
the impact pulses to the object being processed, thus resulting in the breaking 
of the material. The hydraulic system of such mining equipment may resemble 
for instance that shown In Figure 5, except that it lacks the second separate 
hydraulic circuit 31 for driving the feed device 15 and, further, the third sepa- 
rate hydraulic circuit 32 for driving the rotation device 14. 

[0029] In some cases, one of the mining actuators 13, 14, 15 may 
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be coupled to the main hydraulic circuit 29 in a conventional manner. 

[0030] The drawings and the related description are only intended 
to illustrate the Inventive idea. The details of the invention may vary within the 
scope of the claims. 
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CLAIMS 

1 . A hydraulic system for mining equipment comprising: 

at least one hydraulic circuit (29, 30, 31, 32) with pressure fluid 
channels (22, 23, 24, 25, 26, 27, 34, 42) and at least one hydraulic pump (7, 8, 
9, 10), the hydraulic pump being arranged to generate hydraulic power in the 
hydraulic circuit; 

at least one power unit (6, 6a to 6d) for driving the hydraulic pump; 

at least one hydraulic mining actuator (13, 14, 15) connected to the 
hydraulic circuit and configured to act on a tool (21) in the mining equipment; 

at least one hydraulic auxiliary actuator (16 to 20) connected to the 
hydraulic circuit; and 

means for adjusting the hydraulic power to be led to the mining ac- 
tuator (13, 14, 15) and the auxiliary actuator (16 to 20) connected to the hy- 
draulic circuit, 

characterized in 

that the hydraulic system (28) comprises a main hydraulic circuit 
(29) and at least one separate hydraulic circuit (30, 31, 32), and that the main 
hydraulic circuit (29) and each separate hydraulic circuit (30, 31, 32) are sepa- 
rate from each other, each having a separate hydraulic pump (7 to 10) for gen- 
erating hydraulic power; 

that at least one mining actuator (13, 14, 15) is connected to the 
separate hydraulic circuit (30, 31, 32), and that said mining actuator is config- 
ured to be driven by the hydraulic power acting in the separate hydraulic cir- 
cuit; and 

that the power of the mining actuator (13, 14, 15) connected to the 
separate hydraulic circuit (30, 31 , 32) is anranged to be adjusted by adjusting 
the hydraulic power generated by the hydraulic pump (7, 8, 9) comprised by 
the separate hydraulic circuit. 

2. A hydraulic system as claimed in claim 1, characterized 
in that the power of the mining actuator (13, 14, 15) connected to the separate 
hydraulic circuit (30, 31, 32) is arranged to be adjusted by adjusting the hy- 
draulic pressure generated by the hydraulic pump (7, 8, 9) comprised by the 
separate hydraulic circuit. 

3. A hydraulic system as claimed in claim 1 or 2, character- 
ized in that the power of the mining actuator (13, 14, 15) connected to the 
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separate hydraulic circuit (30, 31, 32) is arranged to be adjusted by adjusting 
the hydraulic flow generated by the hydraulic pump (7, 8, 9) comprised by the 
separate hydraulic circuit. 

4. A hydraulic system as claimed in any one of the preceding 
claims, characterized in that the mining actuator is one of the follow- 
ing: a percussion device (13) arranged to generate impact pulses in the tool 
(21) connected to the mining equipment; a rotation device (14) arranged to 
rotate the tool (21) connected to the mining actuator relative to its axis; a feed 
device (15) arranged to push the tool connected to the mining actuator in the 
axial direction. 

5. A hydraulic system as claimed in claim 4, characterized 
in that the mining actuator is a percussion device (13), that the percussion de- 
vice (13) Is connected to a first separate hydraulic circuit (30) having a percus- 
sion device-specific first hydraulic pump (7), and that the power of the percus- 
sion device (13) is arranged to be adjusted by adjusting said hydraulic pump 
(7). 

6. A hydraulic system as claimed in any one of the preceding 
claims, characterized in that the hydraulic system (28) comprises a 
plurality of mining actuators (13, 14, 15), that each mining actuator is con- 
nected to a dedicated separate hydraulic circuit (30, 31, 32), and that the 
power of each mining actuator (13, 14, 15) is arranged to be adjusted by acting 
on the hydraulic pump (7 to 9) comprised by said separate hydraulic circuit (30, 
31,32). 

7. A hydraulic system as claimed in claim 6, characterized 
in that the hydraulic pump (7, 8, 9) of each separate hydraulic circuit (30, 31, 
32) is arranged to be driven by a dedicated power unit (6a, 6c, 6d), and that 
the hydraulic power acting in each separate hydraulic circuit (30, 31, 32) is ar- 
ranged to be adjusted by acting on the speed of rotation of the hydraulic pump 
(7, 8, 9) by means of the power unit (6a, 6c, 6d). 

8. A hydraulic system as claimed In any one of the preceding 
claims, characterized in that at least one separate hydraulic circuit (30, 
31 , 32) comprises a pressure fluid tank (33a, 33b, 33c) separate from the other 
hydraulic circuits, the pressure fluid of said separate hydraulic circuit being ar- 
ranged separate from the pressure fluids of the other hydraulic circuits, 

9. A hydraulic system as claimed in any one of claims 1 to 7, 
characterized in that the hydraulic system (28) comprises a plurality of 
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separate hydraulic circuits (30, 31, 32), and that the separate hydraulic circuits 
(30, 31, 32) have a common pressure fluid tank (35a) separate from the main 
hydraulic circuit (29), the common pressure fluid used in the separate hydraulic 
circuits (30, 31, 32) being arranged separate from the pressure fluid of the 
main hydraulic circuit. 

10. A hydraulic system as claimed in any one of the preceding 
claims, characterized in that the hydraulic power acting in the separate 
hydraulic circuit (30, 31, 32) is arranged to be adjusted by changing the dis- 
placement capacity of the hydraulic pump (7, 8, 9) comprised by said separate 
hydraulic circuit (30, 31, 32). 

1 1 . A method of adjusting the power of a rock drill machine, the rock 
drill machine (5) comprising at least the following drilling actuators: a percus- 
sion device (13), a rotation device (14) and a feed device (15), of which at least 
one is connected to a hydraulic circuit (29, 30, 31, 32), the method comprising: 

generating hydraulic power in said hydraulic circuit with at least one 
hydraulic pump (7, 8, 9, 10); 

driving the drilling actuator (14, 15, 16) connected to the hydraulic 
circuit by the hydraulic power acting in the hydraulic circuit; 

adjusting the power of the drilling actuator connected to the hydrau- 
lic circuit by adjusting the hydraulic power to be fed to the drilling actuator, 

characterized by adjusting the power of the drilling actuator 
connected to the hydraulic circuit mainly by adjusting the pumping output of the 
hydraulic pump (7, 8, 9). 

12. A method as claimed in claim 11, characterized by ad- 
justing the pumping of the hydraulic pump (7, 8, 9) by adjusting the displace- 
ment capacity of the pump. 

1 3. A method as claimed in claim 11, characterized by ad- 
justing the pumping of the hydraulic pump (7, 8. 9) by adjusting the speed of 
rotation of the pump. 

14. A method as claimed in claim 11, characterized by ad- 
justing the pumping of the hydraulic pump (7, 8, 9) by adjusting the speed of 
rotation and the displacement capacity of the pump. 
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